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. The present invention relates to improvements in tele-
scopic shock absorbers and more particularly concerns
improvements in such shock absorbers affording smooth-
er operation.

One of the principal reasons for using hydraulic fluid
in direct acting shock absorbers is to take advantage
of the incompressibility of the hydraulic fluid. There-
by greater resistance to relative movement of the cylin-
der and piston portions of the shock absorbers is at-
tained by the proper metering of the hydraulic fluid in
displacement of the fluid from chamber to chamber in
the shock absorber unit than where a gas or air is used
in the shock absorber, with the high compressibility ratio
of the gaseous fluid and generation of heat-of compres-
sion, However due to the incompressibility of the hy-
draulic fluid, at least the initial resistance to relative
movement of the piston and cylinder responsive to high.
magnitude or frequency shocks is such as to cause some
jarring resistance. This lack of smoothness in opera-
tion under severe shock conditions is especially notice-
able in passenger vehicles.

An important- object of the present invention is to
overcome the rough riding characteristics of hydraulic
direct acting shock absorbers by the provision of pneu-
matic cushioning means therein. -

Another object of the invention is to provide pneu-
matic cushlomng means in direct acting hydraulic shock
absorbers in such a manner as to adapt the hydraulic
cushioning means to existing forms of the shock absorb-
ers and avoid the necessity of any substantial re-design-
ing of the shock absorber components.

A further object of the invention is to provide auxiliary
cushioning means in direct acting hydraulic shock absorb-
ers adapted to be supplied as optional equipment in
such shock absorbers. Still another object of the in-
vention is to provide in direct acting hydraulic shock
absorbers small volume gaseous pockets or cells to afford
compressible cushions.

Other objects, features and advantages of the present
invention will be readily apparent from the following
detailed description of certain preferred embodiments
thereof taken in conjunction with the accompanying
drawings, in which:

Figure 1 is a fragmentary diametrical sectional view
through a hydraulic shock absorber embodying features
of the invention;

Figure 2 is a transverse sectional view taken substane
tially on the line II—II of Fig. 1, and

Figure 3 is a transverse sectional detail view taken
substantially on the line III--III of Fig. 1.

A direct acting or telescopic shock absorber 10 em-
bodying the invention comprises a cylinder 11 having
reciprocably operable therein a piston 12 carried by the
lower end portion of a piston rod 13 and dividing the
interior of the cylinder into upper and lower pressure
chambers 14 and 15, respectively. At its lower end the
cylinder 11 is associated with a foot valve structure 1
including a cage member 18 with which the lower end
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of the cylinder is concentncally assembled and which in
turn is' maintained in assembly by the cylinder with a
lower closure cap member 19 assembled with a reservoir
tube or casing 20 of larger diameter and disposed con-
centrlcally about the cylinder 11 and affording a res-
ervoir chamber 21 between the cylinder and the res-
ervoir casing.

During what is known as the compression stroke of
the piston 12, that is, when the piston travels down-
wardly in the cylinder 11 as viewed in Fig. 1, fluid is
displaced under resistance of a spring loaded valve 22
through a series of axially extending ports 23 from the
lower chamber 15 of the shock absorber into the upper
chamber 14, and fluid that is displaced by the volume
of the piston rod 13 in the chamber 14 escapes under
resistance through the foot valve assembly 17 into the
reservoir chamber 21. On rebound stroke of the pis-
ton 12, that is when the piston travels upwardly in- the
cylinder 11, fluid is displaced from the upper chamber
14 into the lower chamber 15 through a plurality of axial
ports 24 in the piston under the resistance of a blow-
off resisting spring 25, and the fluid which was displaced
from the chamber 15 due to the volumetric displace-
ment of the piston rod 13 returns into the chamber 15
from the reservoir chamber 21.

In order to provide for cushioning of the shock absorb-
er by affording a certain or predetermined amount of
“free- travel” of the piston during at least the compres-
sion ' stroke thereof and preferably also during the re-
bound stroke, an air pocket or cell is provided in as
sociation with the upper chamber 14. The air cell con-
veniently takes the form of a tubular resilient member
27 preferably made from rubber or rubber-like mate-
rial and providing a sealed air chamber 28 within which
a body of air or other gas is trapped. By preference
the air chamber or cell member 27 is of annular form
and round tubular cross section of larger internal di-
ameter than the diameter of the piston rod 13 so as
to be accommodated freely thereabout and of smaller
external diameter than the internal diameter-of the cylin-
der 11 so as to avoid binding and so as to permit rea-
sonably free passage of hydraulic fiuid past the air cell
member. By having a circular cross section for the
air cell member 27, it will be apparent that pressure ex-
erted against the exterior of the air cell member by pres-
sure of the surrounding hydraulic fluid will be uniform-
ly applied from all points.

Since there is pressure above the piston 12 as well as
below the piston during a compression stroke, it will be
apparent that a certain amount of free travel will be
afforded for the piston 12 in the cylinder during both
rebound and compression strokes as a result of the com-
pression of the air within the air cell chamber 28 and
consequent collapsing of the air cell member 27 in the
presence of the pressure. Promptly upon release of
the pressure the air cell member 27 expands to its un-
compressed condition. By having the member 27 made
from a resilient material, not only the compressibility
and resilience of the air in the chamber 28 but also the
resilience of the material in the wall of the member 27
afford -cushioning values.

Where in addition to the air cell member 27 in the
upper chamber 14, or alternatively to use of the air
cell member 27 in the chamber 14, it is desired to pro-
vide an air cell which will operate to afford free travel
of the piston 12 during the compression stroke only, an
air cell member 29 may be provided in the lower cham-
ber 15 of the shock absorber. This air chamber mem-
ber may also be of generally ring or annulus form and
hollow interior to provide an air chamber 30 which is
filled with a preferred gaseous medium or air, under pres-
sure if desired. As shown, the member 29 is of larger
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volume than the member 27, primarily because the cham-
ber 15 usually contains a major volume of the hydraulic
fluid within the shock absorber, and further because it
may be desired to have more cushioning or free travel
during the compression. stroke. On the other hand if
desired the member 29 may be of the same size or even
smaller than the member 27.. In any event the vol-
umetric dimensions of the cushioning cell member 29
will be governed by the ride characteristics desired in
the shock absorber. The annulus form of the member
29 and generally rounded or oval cross section affords
maximum pressure responsiveness, Further, by having
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the air cell member 29 of annular form substantial open- :

ing is provided through the center of the amnulus for
free travel of hydraulic fluid through the chamber 15.

It will be observed that both of the air cell members
27 and 29 are free floating in the respective chambers
14 and 15 of the shock absorber. Thereby binding of
the air cell members or interference with proper opera-
tion of the shock absorber piston 12 or of the valve struc-
tures of the shock absorber is avoided.

It will be understood that although a top closure struc-
ture is not shown in Fig. 1 at the top of the shock absorb-
er 10 and more particularly at the top of the cylinder 11
and the reservoir casing or tube 20, such top closure
structures are quite conventional and any preferred con-
struction may be utilized not only to close the top of the
shock absorber hermetically, but aslo. to provide a bear-
ing for the piston rod 13.

The term “air” where used herein should be construed
to mean any gaseous medium, although it will be evident
that in the structures disclosed herein air as such will be
the usual and economically available gaseous medium
for the air cell chambers.

It will be understood that modifications and variations
may be effected without departing from the scope of
the novel concepts of the present invention.

We claim as our invention:

1. In a direct acting hydraulic shock absorber includ-
ing a cylinder inside and in spaced relation to a reservoir
chamber tube, said cylinder being in valved communica-
tion at its lower end with the space between said cylin-
der and casing providing a reservoir, a piston dividing
said cylinder into rebound stroke and compression stroke
chamber portions wherein the compression stroke por-
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tion is between the piston and the valved lower end por-
tion of the cylinder, and an air cell structure in free
floating relation within said rebound stroke chamber por-
tion above the piston and directly subjected to hydraulic
fluid pressure that develops in said rebound stroke cham-
ber portion on both the compression and rebound strokes
of the piston in order to afford a predetermined amount
of free travel of the piston during at least the compres-
sion stroke thereof as a result of compressibility of the
air in said air cell structure.

2. In a hydraulic direct acting shock absorber, a cylin-
der, means providing a reservojr. chamber in restricted
communication with said cylinder, a piston operable in
said cylinder and dividing the same into upper and low-
er chambers and having a piston rod extending concen-
trically through the upper chamber, means permitting re-
stricted flow of pressure fluid past said piston, and an
annular cushioning air cell member of compressible struc-
ture in free floating relation in the lower chamber below
the piston and having an inner diameter of substantial
dimension affording a large open passage therethrough
for movement of pressure fluid therethrough in the op-
eration of the piston in the cylinder, said cell member
having an outer diameter substantially as large as said
cylinder to prevent its canting within the cylinder as pres-
sure fluid flows through said passage during flow. of
pressure fluid between said cylinder and said reservoir

‘ chamber and during flow of pressure fluid past said
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piston.
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